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driver of profitability, is not sufficient to measure the
attractiveness of a given build; rather, the best measure
of profitability is the net present value (NPV) of a build.
This gap to profitability in unserved areas is called the
Broadband Availability Gap in the NBP; throughout
this paper, we will refer to this financial measure as the
[nvestment Gap.

» Investment decisions are made on the ineremental

value they generate. While firms seek to maximize their
overall profitability, investment decisions are evaluated
based on the incremental value they provide. In some in-
stances, existing assets reduce the costs of deployment in
a given area. The profitahility of any build needs to reflect
these potential savings, while including only incremental
revenue associated with the new network build-out.

» Capturing the local (dis-)economies of scale that drive

loeal profitability requires granular ealculations of
costs and revenues. Multiple effects, dependent on local
conditions, drive up the cost ot providing service in areas
that currently lack broadband: Lower (linear) densilies
and longer distances drive up the cost of construction,
while providing fewer customers over whom to amortize

densities alsn mean there is less revenue availahle per
mile of outside plant or per covered area.

» Network-deployment decisions reflect service-area

economies of scale. Telecom networks are designed to
provide service over significant distances, often larger
than five miles. In addition, carriers need to have suffi-
cient scale, in network operations and support, to provide
service efficiently in that local area or market. Given the
importance of reach and the value of efficient operations,
it can be difficult to evaluate the profitability of an area
that is smaller than a local service area.

» Technologies must be eommercially deployable to

be considered part of the solution set. Though the
economic model is forward-looking and technologies
continue to evolve, the model only includes technologics
that have been shown to be capable of providing carrier-
class broadband. While same wireless 4G technalogics
arguably have not yet met this threshold, successful
market tests and public commitments from carriers to
their deployiment provide same assurance that they will
be capable of providing serviee.

costs, At the same time, lower-port-count electron-
ics have higher costs per port. In addition, these lower

Lmplicit within the $23.5 billion gap are a nuinber of key
decisions about how to use the model, These decisions reflect
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beliefs about the role of government support and the evolution of
service in markets that currently lack broadband. In short, these
decisions, along wilth the assumptions that follow, describe how
we used the model to create the $23.5 billion base case.

» Fund only one network in each eurrently unserved
geographic area, The focus of this analysis is on areas
where not even one network can operate profitably. In
order to limit the amount of public funds being provided
to private network operators, the base case includes the
gap for funding only one network.

» Capture likely effects of disbursement meehanisms
on support levels. Decisions about how to dishurse
broadband-support funds will affect the size ot the gap.
Market-based mechanisms, which may help limit the
level of government support in competitive markets, may
not lead to the lowest possible Investment Gap in areas
currently unserved by hroadhand—areas where it is dif-
ficult for even one service provider to operate profitably.

» Focus on terrestrial solutions, but not to the exclu-
sion of satellite-based service. Satellite-based service
has some clear advantages relative to terrcstrial service
for the most remote, highest-gap homes: near-ubiquity
in service foolprint and a cost structure not influenced
by low densities. However, satellite service has limited
capacity that may be inadequate to serve all consum-
ers in areas where it is the lowest-cost technology,
Uncertainty about the number of unserved who can
receive satellite-based hroadband, and about the impact
of the disbursement inechanisms both on where satellite
ultimately provides service and the size of the Investment
Gap, all lead us to not explicitly include satellite in the
base-case calculation.

» Support any technology that meets the network
requirements. Broadband technologies are evolving
rapidly, and where scrvice providers are able to oper-
ate networks profitably, the market determines which
technologies “win.” Given that, there appears to be little-
to-no benefit to pick technology winners and losers in
areas that currently lack broadband. Therefore, the hase
case includes any techniology capable of providing scrvice
that meets the National Broadband Availability Target to
a significant fraction of the unserved.

» Pravide support for networks that deliver proven use
cases, not for future-proof build-outs, While end-users
are likely to demand more speed over time, the evolution
ofthat demand is uncertain. Given current trends, build-
ing a future-proof network immediately is likely more
expensive than paying for future upgrades.

OBI TECHNICAL PAPER NO. L INTRODUUCTON

Also implicitin the $23.5 billion gap are a number of major
assumptions. In some sense, every input for the costs of net-
work hardware or for the lifetime of each piece of electronics
is an assumption that can drive the size of the Investment Gap.
The focus here is on those selected assumptions that may have
a disproportionately large impact on the gap or may be particu-
larly controversial. By their nature, assumptions are subject to
disagreement; Chapter 3 includes an estimate of the impact on
the gap for different assumptions in each case,

» Broadband service requires 4 Mbps downstream and 1
Mbps upstream access-network service.

» The take rate for broadband in unserved areas will be
comparable to the take rate in served areas with similar
demographics,

» The average revenue per product or bundle will evolve
slowly over time,

» In wireless networks, propagation loss due to terrain is
a major driver of cost that can be estimated by choosing
appropriate cell sizes for different types of terrain and
different frequency bands.

» The cost of providing fixed wireless broadband serviee is
directly proportional to the fraction of traffic on the wire-
less network from fixed service.

» Disbursements will be taxed as regular income just as cur-
rent USF disbursements are taxed.

» Large service providers' current opcrating expenses pro-
vide a proxy for the operating expenses associated with
providing broadband service in currently unserved areas.

These principles, decisions and assumptions are discussed
in detail in Chaptecr 3.

In addition to the key assumptions above, there are nu-
merous other assumptions that we made for each broadband
technology we examined. In order to accurately model each
technology, we had to understand both the technical capabili-
ties and the economic drivers; a description of our treatment of
each technology is provided in Chapter 4.

In addition to this technical paper, there is supplementary
documentation describing our analysis and methods including
CostQuest Modcl Documentation: Teehnical documentation
of how the model is eonstructed, including more detail about
the statistical model used to estimate availability and network
infrastructure in areas where no data are available.
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ENDNOTES

Amencan Recovery and Reinvestment Act ot 2009, PuhL, No. 111-5, § 6001(k){(2)(D),
122 Stat. 115, 316 {2009} (Recovery Act).

Note the figure differs slightly from Fxhibit 8B of the first printing of the National
Broadband Plan (NBIY. While the gap remans $24 billion, the data in this paper are
npthated since Lhe release of the NBP, ulure releases ol the NP will include these
updated data

As athreshold matter, the level of service to be supporied must be set, This serviee is the
National Broadband Availability Target which specifics downstream speeds of at least 4
Mbps and upstream speeds of at least 1 Mbps. Support for this warget is discussed briefly
in Section 4 and indetail n the Omnibus Broadband Initiative's (OBI) technical paper
entitled Broadband Performance (fortheoming).

[Iomoes are technically housing units. Iousing umts are distinct from houselwolds “A
heusing unit s a house, an apartment, a mobile howre, a group of roowns, or a single roon
that 15 neeupied (or if vacant, is intended for occupancy) as separate living quarters.”

In contrast, “A houschold includes all the persons who occupy a housing unik. . .. The
vccupants may he a single family, one person living alone, two or more familics living
Logether, ot oy uther group of related ur unrcelated persons who share living arrange-
ments” There are 130 Lindlon beusmg units and 118.0 million households in the United
Statces. U5 Census Burcau, Households, Persons Per Houschold, and Houscholds wilh
Indvicluals Under 18 Years, 2000, http://quickiucts.census.gov/gld /meta/long_710061.
htm (kast visited Mar. 7, 2010).
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[. THE INVESTMENT GAP

Our analysis indicates that there are 7 million housing units
(HUs) without access to terrestrial broadband infrastructure
capable of meeting the National Broadband Availability Target
of 4 Mhps download and | Mbps upload. Because the total costs
of providing broadband service to those 7 million 11Us exceed
the revenues expected from providing service, it is unlikely that
private capital will fund infrastructure capable of delivering
broadhand that meets the target.

We calculate the amount of support required to provide
100% coverage to the unserved consistent with the availahility
target to be $23.5 billion. As shown in Exhibit 1-A, the $23.5
hillion gap is the net shortfall, including initial capital expen-
ditures (capex), ongoing costs and revenue associated with
providing service across the lifc of the asset.

Omgoing costs comprise ongoning capex, network operating
expenscs and selling, general and administrative expenses; the
present values of these costs are shown in Exhibit 1-B.

Costs and the gap vary dramatically with population density,
with the least densely populated areas accounting for a dis-
proportionate share of the gap (see Exhibit 1-C). As noted in
the NBP, and discussed more fully in the Satellite portion of
Chapter 4, the highest-gap 250.000 housing units aceount for
$13.4 hillion of the total $23.5 billion investment gap.

In fact, deployment costs and the gap are driven largely by
the density of the unserved, as will be discussed here and in
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Chapler 2 (see, for example, Exhibits 1-IF and 2-D)). Therefore,
satellite-based broadband, which can provide service to almust
any subscriber regardless of location and at roughly the same
cost, could be an attractive part of the overall solutiun.

We rely on these results to represent an aggregate, nation-
wide figure. We are more cautious with results in specific
geographies because the estimalcs of Lthe availability of broad-
band capable networks are in part based an a statistical model
{see Chapter 2 for more detail), When examined at a very
granular level, the availability mode] will sometimes overesti-
mate and sometimmes underestimate service levels, but should
tend to balance out when aggregated to larger geographic
areas. In the maps throughout this section we aggregate
outputs to the county, but data should still be considered only
directionally accurate. Further analysis and improved source
data would be required to refine estimates for particular
geographies.

The inap in Exhibit 1-D presents the Investinent Gap for
each county in the country. The gap in each county is calculated
by adding the gap of all census blocks in that county. Since most
counties have at least some census blocks with a net pres-
ent value (NPV) gap, most counties have an NPV gap. Census
blocks with a positive NPV (i.e., blocks where the gap is nega-
tive) offset losses in census blocks that are NPV negative. Thus,
counties can have no gap if they are currently fully served (i.e.,
have no unserved), or if the total NPV in the county is positive.
Note that dark blue counties have a gap at least 20 times higher
than the gap in the light green counties.

Fxhibit I-A:
Base-case
Broadband
Availability
Gap—Cash Flows
Associated With
Investment Gap
{o Universal
Broadband
Availability!
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Fxhibit 1-0;

Breakoul of
Ongoing Costs by
Category
Ongoing Capex Network OpEx SGEA Total
(in billions of USD, present value)
Numbers do not sum due to rounding.
Exhibit 1 C: Density - Density (left axis) Gap
Gap by Census HU/MY Investment gap (right axis) (% Miltions)
Blocks Ordered by 12.000 7 6:500
Population density 12000 = 6.000
1,000 - 5,500
10,000 - ' 5,000
9,000 - - 4,500
8,000 4 4,000
7.000 4 3,500
6,000 - 3,000
5,000 2,500
4,000 - 2,000
3,000 - 1,500
2,000 4 1,006
1,000 ~ Ea 500
o -_.-,-_._._._-n._,.._,a...n_nmgn_u_n_nnungﬂﬂﬁﬂHEEE .
Most Dense Percentiles of Unserved Census Blocks Least Dense

{in millions of USD, present value)
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However, the total gap per county tells onty part of the story.
ligh county-level gaps can be driven by large numbers of rela-
Lively low-gap housing unils and/or by small numbers of very
high-gap housing units. Examining the gap per housing unit,
as shown in Exhibit t-E, highlights counties where the average
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gap per home is particularly high. This calculation simply takes
the total gap in each county as described above, and divides by
the number of unserved housing units in that county. The dark
blue counties have a gap per home at least 10 times higher than
the gap per home in the green counties.

Fxchibit -1
Broadband Investment Gap per County
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As one might expect, one of the major drivers of cost, and
consequently the gap, is the density of unserved housing units
(i.e., the number of unserved housing units per square mile, av-
eraged across each county). Areas with higher density as shown

in Exhibit 1-F generally have lower gaps per housing unit;
note the carrelation hetween low densities in Exhibit 1-F with
higher gap per housing unit in Exhibit 1-E. Although density is
not the only driver of gap, it is a significant one.

foxhibie 1-1-
Broadband Investment Gap per Housing Unit in Each County
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In some areas, the gap exeeeds the initial capex required to
build out the area. These areas have ongoing costs thatare in
exeess of their revenue—mcaning even a network with construe-
tion fully subsidized by public funds will not be able to operate

OB]1 TECIUNICAL PAPER NO. L ¢ HAVIFR |

profitably. Exhibit 1- G shows the gap for each county, highlight-
ing those where the gap is larger than the initial capex (j.e.,
markets that require ongoing support), celored in light blue.
Areas that require ongoing support generally have larger gaps.

Fxchibit I- 1
Density of Unserved Housing Units per Square Mile
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The map in Exhibit 1-H shows the distribution of counties
requiring ongoing support across the country. Ongoing support
is the monthly annuity required per unserved housing unit Lo
offset ongoing losses (i.e., the amount by which ongoing costs
exceed revenues, assuming the network build out is fully sub-
sidized). The darkest colors indicate areas where the highest
levels of ongoing support are needed; counties shaded in pink
will not need ongoing support.

In Lixhibit 1-1, areas in blue are more economic to serve with
wireless, and areas in red are cheaper to serve with DSL. For
each, darker colors indicate counties with a higher gap per un-
served housing unit. This technology comparison is made at the
county level, not at a more granular level (See Chapter 3).

Wireline tends to be cheaper in low-density areas (compare
Exhibit 1-1 with Exhibit 1-¥). particularly where terrain drives
the need for smaller cell sites that drive up the cost of wireless
(see Chapter 4 on wireless technology).

To establish the $23.5 billion gap, it is necessary to make a
determination as to which last mile technology is likely to he
least expensive given existing infrastructure, density, ter-
rain and other factors. These estimates notwithstanding, this
approach and the NBP are technologically neutral: These
estimates do nof reflect choices or recommendations that a
particular last mile technology be utilized in any given area.
Note, that as described later in this section in “Creating the
base-case scenario and output,” the focus in this analysis is
o 12,000-foot-loop DSL and fixed wireless.

The map is somewhat misleading about the number of
unserved housing units where wireline service is cheaper. In
fact, while 42% of the geographic area is covered by counties
where wired service has a lower gap, only 15% of counties with
only 10% of the unserved housing units are in these areas; see
Exhibit 1-J. Over time, these figures, which are based on the
calculation of the investment gap for different technologies, may
over- or under-estimate the role of any technology lor a number
of reasons. End-user behavior, specifically take rates or revenue
per user, could differ from assumptions made in the model (see
Chapter 3). In addition, the capabilities of different technologies
could improve more or less quickly than assumed, or their costs
could differ from what is modeled (sec Chapter 4 for detail about
capabilities and costs of different technologies). Finally, the
impact of the disbursement mechanisms on individual service
providers is impossible to include in these calculations.

The assumptions that underlie each of these calculations,
and the method by which these technologies’ costs are com-
bined to reach the $23.5 billion gap, arc discussed across the
remainder of this docwment.

CREATING THE BASE-CASE SCENARIO AND OUTPUT

The base-case outputs, including the $23.5 billion gap, repre-
sent the shortfall of a particular combination of technologies
across all unserved geographies. Since a single model run pro-
vides information about a single technology with a single set of
asswmptions, combining calculations for different technologies

Fixchihit 1-Cy:
Broadband
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requires multiple model runs. This section describes the vari-
ous models run as well as the manual post-processing required
Lo creale Lthe single base case of $23.5 billion. Posl processing
of this lype is required for euch of the different scenarios und
sensitivities shown in this documment.
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To create the base case, we calculate the gap for each of the
two lowest-cost technologies: fixed wireless and 12,000-foot
DSL {(see Exhibit 4-C). Calculating the fixed wireless gap is
quite complex, and requires eight different sets of model out-
put. DSL is less complex, and requires only two sets ol model

Fxhibit 1-11-
Ongoing Support for Each Housing Unit per Month
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output, Of course, we also calculate the gap for other technolo-
gies, which will be discussed in Chapter 4.

For wireless, we require a total of eight different runs to
generate the output data and account for two different kinds
of information: 1) the presence of planned eommercial 4G

deployments and 2) which of four different cell radii is required
for each census block to provide adequate signal density given
terrain-driven atlenuation, The base case requires output for
each combination.

Foachibit 1-1:
Investrment Gap per Housing Unit by Lowest-Cost Technology for Each County
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The firstissue is the presence of commercial 4G deploy-
ments, A substantial fraction of the unserved are in areas we
expect will be covered by commercial 4G build-outs. We treat
these 4G and non-4G areas differently in our analysis to ac-
count for the costs and revenues associated with each and,
consequently, need one run for each area. In 4G areas, as noted
inthe NBP, it is not clear whether these commercial build-outs

will provide adequate service wilhout incremenlal investments.

The gap in these 4G areas needs to account for the fact that
costs associated with the incremental investments are lower
than they would be for a greenfield build. In non-4G areas, we
calcutate the costs for a greenfield build {note that, as will be
discussed in the wireless portion of Chapter 3, we capture the
cost savings available from existing cell sites, as appropriate).

Another key driver of the wircless gap is the cell radius in
cach area. Rather than assume a uniform cell radius across the
cntirc country, the approach is to calculate the cost associated
with difterent cell radii (two, thrce, five and eight-mile radii)
and chosc an “optimized” radius, which accounts for topology,
foreach area.

In total, then, there are cight wireless model runs: four runs
(one for each radius) for the costs and gap associated with
4G areas; and four runs for the costs and gap associated with
non-4G areas. For each geography (census block), we select the
costs, revennes and gap from the appropriate run for each cen-
sus block, depending on whether the area is in a 4G or non-4G
area and what the optimized cell radius is.

The wired, 12,000-foot DSL solution is more straightfor-
ward and requires only two runs, which are required to account
for the potential competitive impact of commercial 4G overlap
on end-user revenue for the wired provider. While it is clear
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that a wireless carrier would need to make incremnental invest-
ments to serve every unserved housing unit, wireless carriers
will be able to serve some potentially large fraction of those
within the commerciul 4G footprint. Therefore, we assume
that within the expected 4G footprint, DSL, providers will face
one fixed-broadband comnpetitor (i.e., will split the end-user
revenue with another carrier); in non-4G areas, we assume
that DSL providers will nat face any competition. The result is
that the wired base case requires two model runs: one for 4G
areas (with competition) and one for non-4{ areas (without
competition). The base case assumes wired solutions are all
brownfield deployments where the incumbent builds out DSL
service using existing twisted-pair copper.

The base case then involves calculating the lowest-cost and
second-lowest-cost technology in each area. To make these
comparisons at the service-area level (county level), we roll
census blocks up into counties. These geographic roll-ups are
inade with Structured Query Language or SQL queries of the
large, census-block-level output of the model and provide the
essenlial outputs including costs, revenues und the gap for each
model run or combination of model runs.

The model uses levelized costs and revenues. Levelization,
often used in regulatory proceedings, calculates the annuitized
equivalent—i.e., the effective annual value of cash flows—of
the costs and revenues associated with building and operating
a network. A levelized calculation provides a steady cash-flow
stream, rather than trying to modet or guess the timing of
largely unpredictable yet sizable real-world payouts like thosc
for upgrading and repairing equipment. The net present value
(NPV)} of a levelized cash flow is equal to the NPV of actual
cash flows.

fxhibit -7,
Lowest Cost
Technology

Wireless

12,000-foot-loop
DSL

Area of
Counties
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Inorder to calculate the Investment Gap as laid out in
Fxhibit I-A, ane need only make calculations from these
market-level outputs. The three most important fields far this
calculation are “contribution margin®” (actuaily the levelized
monthly gap, noting that a negative contribution margin rep-
resents a shortfall or positive gap), revenue (levelized monthly
revenue) and initial capital investment.

First, determine the Investment Gap and total revenue by
calculating the present value of the levelized contribution
margin and revenue respectively. Second, calculate total cost

by sumiming the present values for the investment gap and
total revenue {(moving from right to left in Exhibit 1-A). Third,
the initial capital investment is provided in present value
terms and can be taken directly from the guery output. Finally.
ongoing costs, which include all incremental capital expenses,
operating expenses and any network residual value, are simply
the difference between total cost and initial capital investment.
These calculations are the same at any level of geographic ag-
gregation, whether for the entire country or for any county.
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CHAPTER 1 ENDNOTES

Nale thal Lhis exhihil ditTees slightly lrom Exhibit 8-B
of the first printing of the NBP. While the gap comains
at £24 billiow, the data in this paper are updated since
the release ol the NBE, future revisions of the NBYP will
include these updated data,
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[1. BROADBAND
AVAILABILITY

Refore determining the size of the Investment Gap, it is neces-
sary to determine the current state of broadband deployment.
This includes the level of service currently supported (or which
will be in the near-term without government support) as well
as the proximity of unserved areas to broadband infrastructure
that can be leveraged to serve the area.

The complexity of this analysis is driven by the need for
avery granular geographic view of the capabilities of all the
major types of broadband infrastructure as they are deployed
today, and as they will likely evolve over the next three to five
years without additional public support.

These data are not available: Thereis a lack of data at the re-
quired level of granularity, both in terms of which people have
aceess to which services, and of which people are passed by dit-
ferent types of physical infrastructure. To solve this problem,
we combine commercial and public data on availability and
infrastructure with statistical techniques to predict or infer the
data needed 1o complete our data set,

In some cases we use broadband avaitability data to predict
the location of broadband infrastructure, and in some cases
we use the location of broadband infrastructure to predict the
avaiialility of broadband capable networks. In areas where we
do not have data, we combine data from other geographies with
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limited physical infrastructure data in a large multi-variant
regression model. We use this regression model to predict
availability by speed tier and to fill in gaps, especially last mile
gaps, in our infrastructure data.

Onee current availability is determined, we forecast the
future slate by relying on recent publicly announced network
huild-out plans.

Where the quality of data is limited, broadband-gap caleula-
tions will be affected, For examiple, there are 12 wire centers in
Alaska that show no population within their boundaries and an
additional 18 wire centers that have no paved public-use roads
(i.e., no roads other than 4-wheel-drive or forest-service roads).
All 30 of these wire centers were excluded from wired broadband-
gap calculations; however, all areas with population were covered
by the wireless ealculations. In addition, due to insufficient demo-
graphie and infrastructure data to calculate baseline availahility
for Puerto Rico and the U.S. Virgin lslands in the Caribbean, and
Guain, American Sainoa and the Northern Marjanas in the Pacific,
these areas are excluded froin further analysis.

CURRENT STATE

Although 123 million housing units already have broadband
networks available that are capable of providing service that
meets the National Broadband Availability Target of at least

4 Mbyps download and | Mbps upload, many Americans do

not. Currently, 7 million housing units representing 14 mil-
lion people are left without broadband that meets the National
Broadband Availability T'arget. See Exhibit 2-A.
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Exhibit 2-B presents the distribution of these 7 million methodology described below. That number is then divided
housing units across the United States. The number of un- by the total number of housing units in the county to get the

served housing units in each counly is calculated based on Lhe percentage of homes served.

Fxhibit 2-B:
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Purpase of the Analysis

Before determining the size of the Investment Gap, it is nec-
essary 1o determine who is unserved as well as the adjacent
broadband infrastructure that could be leveraged to serve
them. The distance and density dependencies of both current
availability and the cost of providing service to those who do
not currently have it required that we take into account the
geogruphy of each unserved area at a very granular level. That,
in turn, requires thatwe create a geographically based view of
current networks and broadband capabilities in order to calcu-
late the [nvestment Gap.

Qur current-state model calculates the likely broadband
performance from multiple technologies at the census-block
level ta determine the highest level of broadband service avail-
able for each census block nationwide.

This model serves two main purposes:

» It determines the number and loeation of housing units
and businesses that do not have broadband infrastructure
available that meets our performance target.

» [t provides the location of network infrastructure that
can be used as the foundation for building out broad-
band networks to these unserved housing units; these
infrastructure data provide an essential input into the
economic model.

OBI TECIHUNICAL PAPER NO. 1 CHllvP 1 ¥R ¢

Number and location of the unserved

Once the availability of each network technology is determined
at the eensus block level, we delermine the highest speed
broadband service available for each census block nationwide.
Using this speed availability data and the national broadband
Larget, we are able to determine what census blocks are cur-
rently “unserved.” Then using census data for each block, we
are able to determine the number of unserved housing units
along with the demographic characteristics of the unserved,

Due to higher network costs per home passed, most of the
unserved are located in less dense and/or rural areas. Although
more sparsely populated states tend to have a larger portion
of residents that are unserved, nearly every state has unserved
areas. When examining tbe population density of the entirc
United States as in Exlubit 2-C, not just the unserved, once can
see that a large portion of the population lives in areas of rela-
tively low population density.

The average population density of populated census blocks
in the United States is 153.6 people per square mile, though
approximately three quarters of the population lives in areas
of lower density. Unserved census blocks have a much lower
density, with an average of only 13.8 people per square miile.
The population density of the unserved follows a similar pat-
tern to that of the country, with some areas being far more rural
than others (see Exhibit 2-13). These areas of extremely low
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population density are some of the mast difficult and expensive
areas to serve.

The LS. Census Bureau has categorized areas as urban
areas, urban clusters and all other areas. Exhibit 2-E shows sta-
tistics of the unserved in terms of these definitions. As we can
see, the deployment problem is one that predominantly exists
outside of urban areas.

Since fixed broadband connects hoines, not people, and most
broadband networks are built along roads, either buried or on
telephone/electric poles, an ¢ven more important driver of the
cost to serve rural areas than population density is the number
of road miles per housing unit of an area. Areas with more road
miles per housing unit are even more likely to be unserved than
areas of low population density. This is because the few homes
in a rural area are sometimes clustered, which would decrease
the number of road iniles as well as the cost to serve.

The average number of road miles per housing unit in the
United States is 0.07, which is much lower than the average
unserved area of 0.41. But the average does not tell the whole
story. A small portion of the population lives in areas with
very high road-mile-to-housing-unit ratio, whieh tend to be
the areas of the country thut are unserved. Even within those
unserved areas, there are portions that have an extremely high
number of road miles per housing unit, which will be far more
costly to serve than others. See Exhibits 2-F and 2-G.

Given the fact that the unserved are overwhelmingly in rural
areas, one might expect that the unserved are in the territories
of rural telecom companies. In fact, this is not the case: 52% of
unserved housing units are in census blocks where one of the
three Regional Bell Operating Companies, or RBOCs, (AT&T,
(west or Verizon) is the dominant local exchange carrier; an
additional 15% of unserved housing units are in census llocks

Fxhibet 2-1:

20,000 1
Population Density
of the Unserved,
Per Square Mile of
. 15,000
Inhabited Census Block
10,000 o
Unserved
Average 13.8
5,000 -
a T T T T E T T ] ] [
Q% 10% 0% 30% 40% 50% 60% 70% BO% 90%  100%
Percent of Unserved
Exhibit 2-E- % of Po, (
. . pulation # of Unserved . .
Statistics of Urban Categories AveragePeople/5q. Mile Unserved Housing Units Total Housing Units
Areas/ Clusters, Urban Areas/Clusters 2,900 1% M 100M
and Al Other Areas | Al other areas 19 20% 6.3M 30M
Total 1536 5% 7.0M 130M

Numbers do not sum due to rounding.




where a mid-size price-cap carrier is the dominant provider.*
Only one-third of housing units are in census blocks where a
rate-of-return carrier is the dominant provider.

Location of network infrastructure

We model each broadband network type independently to
ensure a comprehensive view of infrastructure availability.
Knowing where each type of network is currently deploved gives
us the ability to calculate the incremental costs to upgrade the
performance of an existing network as well as determine the
likely location of middle and second mile fiber® that could be
used to calculate the costs of deploying a new network.

There is a lack of comprehensive and reliable data sufti-
ciently granular for the analysis we have described. To estimate
the current state of hroadband capable networks, we use the
best available commercial and public data sources that meet
our granularity, budget and timing requirements. We usc infra-
structure and speed availability data from a handful of stales
that were collected prior to the National Telecommunications
and Information Administration (NTLA) mapping effort that
is currently underway.! After evaluating numerous commercial
data sets, we license the subset that best meets our needs.” We
also examine Form 477 data and Form 325 data collected by
the FCC but ultimately determine that these data are insuffi-
ciently granular.
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The NTTA mapping effort will be complete in early 2011, and
along with further revisions of the Form 477 data, they may he
useful in refining our models in the future, but this will depend
on the granularity of the data collected.

Network technologies modeled

The following sections include a description of our approach,
data sources used, assumptions and risks for each of the three
network technologies we modeled: cable, telco and wireless.

Cable

In order to determine broadband performance availability
and infrastructure locations for cable networks, we use net-
work availability data and estimated infrastructure locations
based on cable engineering principles.

Data sources

In crder to identify areas where cable broadband networks
are located we license availability data from a commercial
source® and collect publicly availahle infrastructure data from
the state of Massachusetts.

We license a comunercial data set from Warren Mediacalled
MediaPrints that provides data about nationwide availability
of cable networks.” This data set ineludes geographic franchise
boundaries as well as network capability information for cable

{oxhibit 2.1
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operators nationwide. We use network capability information
to exclude franchise areas where operators are still operat-
ing networks thal have not been upgraded to provide two-way
broudband access— i.e., werely on a field indicating that the ca-
ble operator provides Internet services. Without detailed data
on the specific services offered by each cable system, we have to
make assumptions about one-way and two-way cable plant. We
assume that all two-way cable plant is DOCSIS-enabled since
we estimate the incremental revenue of providing broadband
would likely exceed the DOCSIS upgrade costs once a cable
network has been upgraded to two-way plant. We assume that
the cast of upgrading areas with one-way cable te a network
that supports broadband is equal to a greenfield build (j.e., we
ireal areas with one-way cable plant the same way we treat
areas unserved by cable). We are also aware that MediaPrints
may not include every cable network, but we believe the ones it
excludes are smaller and are more likely to be one-way plants.
Another limitation is that the MediaPrints data do not allow
us to distinguish between areas that have been upgraded from
[DOCSKIS 2.0 to DOCSIS 3.0. In the absence ofa dala source that
identifies the areas where DUOCS1S 3.0 has been rolled out, we
resort to mapping only the markets where we were able to find
public announcements about DOCSIS 3.0 deployinents at the
time of analysis. This method understates the number of homes

passcd by DOCSIS 3.0 especially since the DOCSIS 3.0 vollouts
proceeded quickly even as the analysis continued. But given that
DOCSIS 2.0 areas exceed the broadband target speed of 4 Mbps
download and 1Mbps upload, this underestimation does not af-
fect the number of unserved or, therefore, the Investment Gap.

We are not able to acquire cable infrastructure data ag-
gregated by any commercial or public source other than in the
state of Massachusetts. These data are of limited use in the
state of Massachusetts and, as we explain below, are of limited
value for our nationwide analysis.

Risks

As stated previously, we may underestimate the number of
housing units served in some areas since MediaPrints does not
have data tfor every cable system, but we believe this number is
small. This underestimation may be balanced by the fact that
broadband availability is likely slightly overstated in the areas
where MedialP’rints bas franchise data; this is due to the fuct
that cable operators do not typically build out service to every
housing unit in their franchise area. We do not believe this
overestimation to be significant because even large cable op-
erators with large franchise areas tend to build out broadband
to the vast majority of homes passed.® See Exhibit 2-H.
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We attempt to correct for this overestimation by comparing
the MediaPrints franchise boundaries with actual cable strand
n1aps from (he stale of Massachusetts.” In Massachusetts, op-
erators must provide strand maps to the franchise board, which
then publishes them into the public record. Unfortunately, with
limited actual information available, we are unable to do a com-
prehensive comparison. As a result, there is not a pattern to the
overestimation that could be applied nationwide.,

Capabilities

As discussed in the section on hybrid fiher-coaxial (HFC)
technology later in this document, we assume broadhand-en-
abled cable networks are capable of delivering at lcast 10 Mbps
actual download speeds, and those that have been upgraded to
DOCSIS 3.0 are assumed to deliver 50 Mbps actual download.

Telco

Since we are not able to acquire a nationwide data set of
either availability as a functon of broadband speed or telco
infrastructure, we have to take a different approach to model
telco. For telco networks we take a five-step approach to calcu-
lating availability nationwide:

Map availability data in areas where these data are
available

. Use telco infrastructure and enginecring assumptions to
estimate availability in areas where infrastruclure data
are available

. Create a multivariable regression equation using de-
mographic data (the independent variables) to predict
broadband availability (the dependent variable), using
states where availability data are available as sourees for
the regression

. Apply regression equation to areas of the country where
only demographic data exist to estimate speed availability

. Use engineering principals and assumptions to infer
infrastructure for estimated spced availability

i |
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Data sources

Although a nationwide data set of broadband availability
consistent with the 4 Mbps download target is nol available,
there are a few states that have published availability data at
different performance levels. The analysis relies on availability
data from the states of California, Minnesota and Pennsylvania,
and a combination of availability and infrastructure data is
used from the states of Alabama and Wyoming.

Some nationwide telco infrastructure data are used in
conjunction with engineering principles and perforimance
availability to more accurately estimate infrastructure loca-
tions. These data include locations of telco network nodes, such
as central offices and regional tandems, from the Telcordia’s
LERG database, wire center boundaries from TeleAtlas and
location of fiber infrastructure from GeoTel and GeoResults.

In addition to performance availability data and intrastruc-
ture data, demographic data are in the regression. These data
are based on census forecasts from Geolytics for consumers
and GeoResults for businesses.

‘We are forced to use a statistical model for telco plant
because we are not able to acquire a nationwide data source
of availability or telco infrastructure locations. An ideal data
set for these purposes would focus on actual speed available
(not on demund or subscribership), would be geographically
granular (to distinguish among service speeds at longer loop
lengths) and would provide information about the location of
infrastructure (to feed into the economic model),

Unfortunately, no available data source meets all these
requirements. Telcordia states that the CLONES datahase has
the locations of all relevant telco infrastructure nationwide, but
the FCC was not able to negotiate mutually agreeable license
terms.

Data fromi the FCC’s Forim 477 are useful for many types
of analysis; but, given that Form 477 data are collected at
the census tract level, they are not granular enough to accu-
rately estimate service availability and speed as noted in the
September 2009 Open Commission Meeting. In the upper left

g;g:?;?:&igband Company Cab(I:sB;? :;i::;dﬁezpé%ygn)\ent Homes Passed (Millions) Cablepl?ir:;ztscl)’fassed
Deployment fora Cablevision 100.0% 48 4%
Few Large MSOs as d | Charter 94.5% na 9%
Percentage of Homes [ ooy 99.4% 506 40%
Passed Mediacom 100.0% 2.8 2%
| TWC 35.5% 26.8 21%
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of Exhibit 2-1, we create an example of what perfect infor-
mation on availability might look like. However, as noted in

the lower left, Forin 477 data provide information about the
number of subscribers at a given speed, not the availability of
service. Therefore, using Form 477 data to estimate availabil-
ity requires making several assumptions as noted in the upper
right of the exhibit. The result of these assumptions, as noted

in the lower right, is that we are likely to overestimate the
availability of service by relying on data collected at the census-
tract level.

The ongoing efforts by states to map broadband availabil-
ity, as eoordinated by the NT1A as part of the Broadband Data
Improvement Act" and funded by the Recovery Act,™ may lead
to a nationwide availability map that will be useful in this type
of analysis, but the map will not he available until early 2011.

Statistical modeling where data did not exist

To estimate availability where no actual performance
availability or infrastructure data exist, we create a regression
equation that represents the relationship between demo-
graphic data and broadband availability data. The multivariable
regression is based on more than 100 variables from population
density to income levels to education levels. After determining
how best to express the variables (in many cases by using their
logarithms), initial models are estimated at all target speeds
(ranging from 768 kbps to 6.0 Mbps) for each census block. us-
ing both forward and backward stepwise logistic regression. We
use a logit regression rather than continuous so that we could
use different variables and different weightings for cach of

the target speeds. Separate regressions are made for different
speeds (768 kbps, 1.5 Mbps, 3.0 Mbps, 4.0 Mbps and 6.0 Mbps)
inside and outside the cable franchise boundaries, for a total
of 10 logit regressions. Accuracy rates among the 10 models
were typically between 80% and 90%. Additional information
on development of these statistical equations can be found in
Attachment 4 of CostQuest Model Documentation.

We then use that series of statistical equations to predict
broadband availability (from telco networks) at different
speeds in each census block based on their demographics. This
availahility estimate is used to help determine what census
blocks are unserved. Next, we estimate the location of network
infrastructure necessary to provide that predicted level of
service according to the approach vutlined below. The network
infrastructure location information generated by this current
state modecl is fed into the economic model so the costs of up-
grading and extending networks can be estimated accurately.

Risks

As with any statistical method, there will he errors (either
over- or under-predicting the availability at a given speed) in any
single, particular, small geography. However, we believe the re-
sults should be correct in aggregate, Even though we are able to
achieve accuracy rates between 80% and 90% when we apply the
regression to areas of known perfortnance, the main risk in this
approach is the possibility of systematic differences between the
states for which we have data and the states for which we do not.

Since the statistical regression relies on a small number of
states, to the extent that the tie between demographics and
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network availability in the rest of the country is not the same
as these states, the regression will not e accurate. The states
we used i our analysis have a wide variety ol rural and urban
areas und hove varied geographic challenges which are ad-
vantageous, but there is no way to verify our outputs without
additional data.

Aligning infrastructure with availability data

We estimate the current state of broadband-capable net-
works using speed availability data and intrastructure data. In
the areas where we have intrastructure data we use engineering
assumptions to estimate speed availability. Tn arcas where we
have availability by speed we use engineering assumptions to
estimate the likely location of infrastructure. In this way we are
able to estimate both availability by speed and infrastructure
locations nationwide.

Exhibit 2-T illastrates these two approaches. On the right-
hand side is an illustration of determining speed availahilily
from infrastructure. Imagine that data indicate the presence of
a Digital Subscriber Line Access Multiplexer (DSLAM) at No.
1. Using the location of the DSLAM as a starting point, we can
trace out a distance along road segments that corresponds to
availability for a given speed; [or 4 Mhps service, thal distance
is approximately 12,000 {eel.

Un the left-hand side is an illustration of determining infra-
structurce from speed availability. Imagine that we have data for
the area shaded in blue that indicates it has 4 Mbps DSL. We
know then that homes can be a maximum of 12,000 feet from a
DSLAM. Standard engineering rules, combined with cluslering
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and routing algorithms, allow the inodel to calculate the likely
location of efficiently placed infrastructure, See CostQQuest
Model Documentation for more information.

Wireless

We rely on a nationwide data set of performance availability
for wireless networks as well as infrastructure data in the form
of tuwer site localions. With these Lwo data sets we are able tu
estimate current availability as well as potential infrastructure
locations that could be used to deploy into unserved areas. We
do not create o full propagation mmodel but rather, rely on cover-
age data to determine availability.

Data sources

In order to identify areas where wircless networks are
located, we license a commmercial data set froin American
Roatmer. This data set provides wireless coverage by operator
and by network technology deployed. The wireless technology
deployed allows us to estimate the speeds available. As noted
in the National Broadband Plan, American Roamer data may
overstate coverage actually experienced by consumers as they
rely on advertised coverage as provided by many carriers, who
may all use different definitions ol coverage. These delinitions
may differ on signal strength, bitrate or in-building coverage.

American Roamer only recently started mapping Wireless
Internet Service Providers (WISP) coverage and estimuates it
has mapped only 20% of WISPs. We do not include WISP cov-
crage in our model due to the current scarcity and reliability of
the data.
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Like telco infrastructure, wireless infrastructure location
information (typically towers) is fed into the econamic madel
so the costs of upgrading and extending networks can be cal-
culated accurately. We used Tower Maps data to identify the
location of wireless towers in unserved areas that could be used
for fixed wireless deployments.

Risks

We potentially overstate the current footprint because what is
commercially available is typically based on carrier reported
data, perhaps at relatively low signal strength. Owverstating the
current footprint could lead us to underesiimate the cost of
future wireless build outs to provide service Lo the areas cur-
rently unserved.

FUTURE STATE

We do not expect the number of unserved housing units to
decline materially between now and 2013. Qur analysis indi-
cates that most unserved areas are NPV negative to serve with
broadband, and so we have made the conservative assumption
that there will he few new ar upgrade builds in these areas, While
significant investments are being made to upgrade the speed and
capacity of broadband networks, those investments tend to be
made in areas that are already well served. Moreover, those net-
work upgrades are not ubiquitous throughout currently served
areas. Therefore, as applications become more advanced and
higher performance networks are required—i.e.. if the broadband
target grows significantly over time—the number ol people with
insufficient broadband aceess may actually increase.

Wired network upgrades
Both telephone and cable companies are upgrading their
networks to offer higher speeds and greater-capacity networks.

Cable companies are upgrading to DOCSIS 3.0, which will
altow them to transfer to broadband some of the network
capacity that is currently used for video. Telephone companies
are extending fiber closer to end-users, in some cases all the
way to the home, in order to improve the capacity and speed of
the network. Besides providing a faster, higher-capacity broad-
band network, ance fiber is within approximately 5,000 feet of
the home, the network has the ability to offer multi-channel
video services in addition to broadband and voice.

The Columbia Institute for Tele-Information recently re-
leased a report called “Broadband in America” in which it tried
to identify as many of the major publically announced network
upgrades as possible. Verizon has announced that it plans to
pass 17 million homes by 2010 with its fiber-to-the-premises
(FTTP) service called FiO$."* Many other small incumbent
local exchange carriers (1LECs) also plan to aggressively huild
FTTIP networks where it inakes financial sense.'" AT&T has
announced that it will build out FTTN to 30 million homes by
2011." This means that at least 50 million homes will be able
to receive 20 Mbps+ broadband from their local telco within
the next two years. The cable companies have also announced
upgrades to DOCSIS 3.0 over the next few years with analysts
predicting cable operators will have DOCSIS 3.0 covering
100% of homes passed by the end of 2013.'¢ Exhibit 2-K high-
lights some of the major puhlicly announced upgrades to wired
broadband networks.

As shown in Exhibit 2-1,, for proven technologies, when
operators publically announce plans to upgrade their network,
they tend to eomplete those builds on time.

Using these public announcements and our current avail-
ability assessment, we create a forecast of wired broadhand
availability in 2013, We assume that LTI and upgrades
will take place in markets with cable that will be upgraded

Exhibit 2-K: Technology Companies 2009 2010 201
Pu.f’fr(:[y Announced = Verizon = All providers = Verizon Fi0S (177MM)
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+ Comcast » Comcast (A0MM} » Comcast (50MM)
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«RCN
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to DOCSIS 3.0. Therefore, as Exhibit 2-M shows, all of the
announced upgrades will likely take place in areas that were
already served. Without government invesiment, the difficult-
to-reach areas will remain unserved while the rest of the
country receives better broadband availahility.

Wireless network upgrades

The wireless broadband networks are still in the nascent stages
of development and continue to evolve rapidly with new tech-
nologies, applications and competitors.

Many operators still have significant areas covered by 2G
technologies but have already announced upgrades to 4G data
networks. Mobile operators are investing heavily in network
upgrades in order to keep pace with exploding demand for
mobile data services.

By 2013, Verizon plans to rol! vut Long Term Evolution
(LTE) technoelogy to its entire footprint, which covered 288
million people at the end of 2008.7 AT&T has announced that
it will undertake trials in 2010 and begin its LTE rollout in
2011, Through its partnership with Clearwire, Sprint plans to
use WiMAX as its 4G technology. WiMAX has been rolled out
in few markets already and Clearwire announced that it plans
to cover 120 millien people by the end of 2010,

For well-known technologies, when operators publically an-
nounce plans to upgrade their network, they tend to comiplete
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